The paper summarized the actual knowledge on resources (anticipated economic and subeconomic ones) of both rock and potash salts estimated in the documented salt deposits in Poland as well as their predicted (prognostic and prospective) resources calculated to the depth of 2 km. The late Permian (Zechstein) rock salts predominated (ca 95% of anticipated resources and ca. 99.9% of predicted ones, the Miocene salts are marginal). The most (up to 69%) of their anticipated resources concentrated in the salt dome deposits but 96.7% of the prognostic ones -in stratiform deposits. The anticipated rock salt resources could prove over 26 Ka of exploitation (at the current production rate) but the predicted ones > 500 years assuming that 1/10 6 of total resources will be excavated. The anticipated economic resources of Permian potash salts in non-exploited ve deposits are > 669 mln t (mainly > 597 mln t of polyhalite type in four stratiform deposits) and the predicted ones were estimated at ca. 1.02 bln t.
INTRODUCTION
Similarly to Germany, Poland is exceptionally rich in salt on the European scale, especially in respect of rock salt. It is due to the huge rock and potash-magnesium salt deposits of the Late Permian (Zechstein), which ll the giant North European Permian Sedimentary Basin occupying nearly 60% of the Polish territory, with the salt series thickness of nearly 1.4 km (Czapowski & Bukowski 2010) . The Miocene rock salts, up to 200-300 m thick, occur in the narrow Carpathian Foredeep in southern Poland. The centuries long tradition of shallow salt mining there was nished practically at the end of the XX century, and some of the historical salt mines have transformed into the tourist, landmark, and rest sites.
The Late Permian salts are presently a basic object of salt exploitation and they constitute both current and future salt resources. Almost whole extracted rock salt (more than 3.7 mln t in 2010) (Szu icki et al. 2011) came from the documented resources located in the domes in the Polish Lowland area and from the stratiform deposits of the Fore-Sudetic Monocline. A number of deposits remains untouched and the intention of this paper was to present estimations of total national rock and potash-magnesium salt resources (currently documented and anticipated ones down to the depth of 2 km). Complex geological recognition of these deposits is essential for the planning of their future management, especially when now the salt formations and structures have become desirable geological rock bodies for the underground hydrocarbons storage or hazardous wastes (including radioactive wastes) repository.
CURRENTLY DOCUMENTED SALT RESOURCES IN POLAND

Rock salt
Anticipated economic resources of rock salt, documented in 19 deposits (Czapowski & Bukowski 2010) , amounted to 85.3 bln t in 2010 (Szu icki et al. 2011) , including the Miocene salt deposits (three locations: Rybnik-ary-Orzesze, Siedlec-Moszczenica and Wojnicz) estimated at 4.37 bln t (5.1% of the total anticipated economic resources), with the Permian salt resources (14 locations) estimated at 80.96 bln t (94.9% of total resources). Among the Permian salts, the dominant (Fig. 1 , Tab. 1) resources are placed in ten locations recognized within seven diapirs (nearly 56 bln t and 69.1% of the national resources). The salt deposits from four stratiform locations are estimated at nearly 25 bln t (30.9% of national resources).
Anticipated subeconomic resources of rock salt amounted to more than 20.6 bln t in 2010 (op. cit.) , with absolute majority of Permian salts (eight deposits) estimated at 20 631 bln t (99.72% of total subeconomic resources). They are concentrated mainly in salt diapirs (four locations; nearly 13 bln t, 62.6% of total resources), while the resources of the four stratiform deposits are estimated at 7.7 bln t (37.4% of total resources) (Fig. 1, Tab. 1 ). The Miocene rock salts are nominal in this category, and they are estimated at 58.2 mln t (0.28% of total resources) in two locations (Siedlec-Moszczenica and Wieliczka). 
Potash salt
Anticipated economic resources of potash-magnesium salts were documented in ve locations with amount to > 669 mln t (Szu icki et al. 2011) , including the dominated sulphate salts (polyhalite) (four deposits, ca. 597 mln t; 89.2% of total resources) of the Bay of Puck (Czapowski et al. 2008 , Czapowski & Bukowski 2010 where their deposits are surrounded by stratiform rock salt deposits (Fig. 2) . The anticipated economic and the subeconomic resources of the Puck Bay (20.6 mln t; 93% of total resources) (Szu icki et al. 2011) should be rather included in the prognostic resources owing to a low recognition level (a low documenting category), with the occurrence depth down to 1000 m, lack of management and the changed concept of polyhalite mineralization genesis. These factors could highly affect the resource estimation (Czapowski & Bukowski 2010, with literature) .
Small accumulations of potash salts (anticipated economic resources amounting to 72 mln t; 10.8% of total resources; subeconomic resources: 1.5 mln t; 7% of total resources) (Szu icki et al. 2011) were documented in the K odawa salt dome area (Fig. 3) . It is necessary to emphasize that those salts are actually not exploited in Poland. As it was mentioned above the salt deposits are more and more often used as exceptionally bene cial geological formations for the construction of cavern storage facilities for crude oil, natural gas or other fuels (e.g. currently operating facilities at the deposits of Moglino II (Czapowski & Bukowski 2011) and Góra) (e.g. Karnkowski and Czapowski 2007) , as well as the safe underground disposal facilities for hazardous wastes. So at the resource re-estimation of rock salt deposits, it is necessary to assume the proper geological criteria required for such facilities construction. It was agreed ( lizowski et al. 2007 ) that the maximum depth of substances storage in rock salt formations should not exceed 2000 m, with the optimum depth interval of 1200-1400 m for cavern location. The criteria assumed in the predicted resource estimation (Tab. 2) took into account both new and previous depth requirements for the salt series (B k & Przenios o 1993) (e.g. the salt series thickness which is different depending on a deposit form and regions, the coef cient of geological structure complication -value 0.3 -in the areas with intensive tectonic rebuilding). The rock salt density was assumed at 2.1 t/m 3 and a similar one was attributed for potash-magnesium salts because the total content of main K-Mg salt minerals (sylvine, carnallite, polyhalite, and kieserite) reaches max. 25%, commonly it varies from 8% to 14%. With the speci c weight difference from 1.6 g/cm 3 (carnallite) to 2.78 g/cm 3 (polyhalite) and changing proportions of the above mentioned minerals accompanied by halite (except for documented polyhalite resources in sulphate seams e.g. in the Puck Bay area), it is reasonable to assume such speci c weight estimations which are close to those of rock salt. Classifying to the given resource category depended on the unique geological structure of the analyzed area and the parameters of particular deposits. Within the Carpathian Foredeep the areas with rock salts, occurring down to 1500 m, recognized geophysical and by drillings to the degree insuf cient to attribute them the category C 2 , were considered as the prognostic resources, while the resources found at the depth of 1500-2000 m were rather classi ed as prospective ones (Tab. 2). However, in the case of rock salt deposits found in the eba Elevation area, the resources situated at the depth interval of 700-1000 m were included to the prognostic ones. They were classi ed partly as C 1 category and classi ed as the theoretical resources (B k & Przenios o 1993), while the adjacent parts located shallower (100-700 m) in a smaller area became presently included into the prospective category (Tab. 3). In the Fore-Sudetic Monocline, salts found at the depth of 1000 m are classi ed as prognostic resources, while those situated at the depth of 1-2 km as the prospective ones. In the Podlasie Lowlands, deep-placed Zechstein rock salts of 1.5-2 km belong to the prospective deposits, while the same resources of the Peri-Baltic Syneclise occurred within a similar depth interval as in the Fore-Sudetic Monocline. For alt domes the assumed depth criterion depends on the individual dome recognition. Usually, the depth of 1000 m is assumed as the maximum for prognostic resources for non-mined structures but , holding geological documentation and resource estimation. For preliminary recognized objects all the resources down to 2 km are classi ed as prospective ones. Similar depth criteria of commented resource categories are assumed, depending on the deposit type, for potash-magnesium salts (Tab. 2).
PREDICTED SALT RESOURCES IN POLAND
It is necessary to emphasize that the knowledge of salts distribution, especially of Permian ones, has not changed much in the past 15 years. A number of mined deposits became closed, mainly in the Carpathian Foredeep, while the new deposits were not documented. However, documentary supplements to the exploited resource appeared as well as the changed concepts of some mineralization genesis, suggesting the necessity of re-estimation of the formerly documented resources, e.g. the polyhalite deposits of the Puck Bay area (e.g. Czapowski et al. 2008) . For that reason, numerous deposit areas and their estimated resources are still valid, as stated in 1993 (B k & Przenios o 1993). 
Rock salt
The Upper Permian (Zechstein) rock salt deposits occur in two forms (Fig. 3): A. Permian stratiform deposits, mainly on the margins of the former Permian basin, e.g. the eba Elevation, Peri-Baltic Syneclise, and Fore-Sudetic Monocline with the ary Pericline. B. Permian deposits in the salt structures (from salt anticlines, pillows, walls and domes/ diapirs), with the height of up to 7 km, occurring in the area of Mid-Polish Trough where the earliest recognized salt structures are associated with the Kujawy region.
Better recognized but not mined rock salt resources down to 1000 m (sometimes classied in categories C 2 and C 1 ) were included in the prognostic class, while poorly recognized ones (sporadically classi ed in category C 2 ), found at the depth interval of 1-2 km, are mostly included in the prospective class. Selected geological and raw material parameters, as well as the amount of predicted rock salt resources in Poland are listed in tables 3-7.
Permian stratiform deposits
On the eba Elevation the prognostic halite resources of the depth interval of 700-1000 m are found on the area of 1491 km 2 , reduced by the area of the currently leached Mechelinki deposit (Fig. 3, Tab. 3). The resource amount is over 107 bln t, while the prospective rock salt resources calculated after general regional recognition to the depth of 700 m, are estimated at 65 bln t (B k & Przenios o 1993). Total predicted salt resources of that area are over 172 bln t.
In the Peribaltic Syneclise, the rock salt prospective resources are estimated for the depth interval of 1-2 km, with the average seam thickness of 35 m (Fig. 3, Tab. 3 ).
In the north-eastern part of the Syneclise, within the belt from Lidzbark Warmi ski to Ko cierzyna, the prospective resources of the Oldest Halite (Na1) East of Warsaw, in the Podlasie Lowlands (Fig. 3, Tab. 3), between ochów, D be, Okuniew and Radzymin, the area of 500 km 2 was identi ed with the rock salt prospective resources (Na1 seam, up to 5 m thick) estimated at 5 bln t (B k & Przenios o 1993). Salt was found there at the depth of 1450-1610 m.
In the Fore-Sudetic Monocline area and its westernmost part called the ary Pericline (Fig. 3, Tab. 3), there are four Zechstein rock salt complexes identi ed (from Na1 to Na4) of which only two, the Oldest (Na1) Halite and the Younger (Na3) Halite ful l the assumed criteria of the predicted resource estimation. By now, the resources of two rock salt deposits have been estimated: Kazimierzów in the Sieroszowice mining area and Bytom Odrza ski.
The estimated resources (C 1 category) of Bytom Odrza ski deposit (Kozula & Golczak 1988) were estimated at 8.52 bln t for the Oldest Halite seam and for all the four occurred salt seams from Na1 to Na4) they were estimated at 48.76 bln t. Those resources are classi ed as the prospective ones, similarly to the estimated Kazimierzów/Sieroszowice deposit, found below the depth of 1000 m. The area of prospective resources found on the Fore-Sudetic Monocline, occupied by the Oldest Halite (Na1) salt complex at the depth of 1-2 km and with its average thickness of 50 m, was estimated at 2927.5 km 2 , while the resources at 307 387.5 mln t. The resources of Younger Halite (Na3) complex were estimated, with the same criteria, at 614 135 mln t, and they occupy the area of 5849 km 2 . Total area of prospective rock salt resources found in both salt complexes in the Fore-Sudetic Monocline was estimated at 6200 km 2 , while the resources at 921 522.5 mln t (Tab. 3).
Permian deposits in the salt structures
The prognostic and prospective resources of the nine recognized and documented salt domes (Fig. 4) are presented in table 4 after a previous study (B k & Przenios o 1993) because of no exploitation and the better recognition of most of them. Only in the K odawa, Mogilno and Góra domes, the documented salt deposits are mined. However, an underground salt mine placed in the central part of the K odawa dome operates down to 750 m. For that reason, the prognostic resources of K odawa deposit, established at the depth interval of 1-2 km, practically remain unchanged. Similar assumptions were applied to estimate the prognostic resources of Mogilno and Góra domes at the depth interval of 1-2 km, with solution mining down to 1.4-1.6 km. The total area of predicted resources of listed domes is estimated at 97.5 km 2 , and their amount at over 58 bln t, including the prognostic resources of 39.98 bln t and prospective resources of 18.1 bln t (Tab. 4).
Moreover, ve preliminarily recognized salt structures were identi ed: Mi dzyzdroje--Przytór, Wolin, Goleniów, Grz zno and Cz opa (Fig. 4 , Tab. 5) in which the depth of the salt mirror ful ls the assumed criteria for salt mining and construction of cavern storage facilities. The estimated volumes of these prospective resources were estimated after following elements: (a) surface area of the dome calculated from the tectonic map of the Zechstein-Mesozoic complex of the Polish Lowlands in the scale of 1:500 000 (Dadlez 1998), (b) the height of salt stock down to 2 km, and (c) the coef cient of tectonic structural complication (0.3). The predicted rock salt resources (prognostic and prospective ones) of those domes, with the total area of 39.3 km 2 , were estimated at 15.862 bln t (Tab. 5). The total prognostic resources for Permian rock salt, calculated for 18 objects down to 2000 m, were estimated at 192.46 bln t, while the prospective ones at 2.062 bln t. The predicted resources of stratiform deposits, with the total area of 19 440.4 km 2 , were estimated at over 2180 bln t (prognostic resources: < 152 bln t, prospective resources: > 2028 bln t); the predicted resources of 14 domes were estimated at over 73.9 bln t (prognostic resources: 40.5 bln t, and prospective resources: 18.1 bln t).
For the Miocene rock salts three areas of predicted resources were identi ed in the Carpathian Foredeep (Fig. 5, Tab. 6) .
The salt series with thickness > 35 m at the depth to 1000 m, occurring between Wieliczka and Brzesko, were classi ed as the prognostic resources of ca. 1.3 bln t (Tab. 5). Salts found at the depth interval of 1000-1700 m between Brzesko and Tarnów represents the prognostic resources of over 1 bln t in the area of 48 km 2 . Two other deposits were identi ed between Tarnów and Pilzno: Pogórska Wola and Pilzno (Fig. 5 , Tab. 6), with the total area of 5 km 2 and the prognostic resources of 66 mln t (in Pogórska Wola) and the prospective resources of 44 mln t (Pilzno). 
Comparison of predicted rock salt resources in Poland
The total area of predicted Permian rock salt resources was estimated at 19,577.2 km 2 , including: the prognostic resources of over 192 bln t and the prospective ones of ca. 2062 bln t (Tab. 7). The total predicted resources of those salts were estimated at over 2254 bln t, of which over 96.7% are the resources found in stratiform deposits (Fig. 6) .
The total area of prognostic resources of Permian salt stratiform deposits was estimated at 19 440.4 km 2 , while the area of prospective resources at 17 500 km 2 , of which a larger proportion constituted the salt bodies from the Peri-Baltic Syneclise. The predicted resources of stratiform deposits were estimated at over 2108 bln t, including the prognostic resources of less than 152 bln t (mainly in the the eba Elevation area), while the prospective ones of over 2028 bln t (mostly in the Peri-Baltic Syneclise and the Fore-Sudetic Monocline).
The predicted rock salt resources found in salt domes (14 structures) were estimated at ca. 74 bln t (3.3% of total Permian rock salt resources) (Fig. 6 ) and the area of 136.8 km 2 , including the prognostic resources constituting more than 40 bln t and the prospective ones of over 33 bln t (Tab. 7). The total area of predicted Miocene rock salt resources was estimated at 115 km 2 , with their prognostic resources of 2.4 bln t and the prospective ones of 44 mln t (Tab. 7). Those resources are of marginal importance because they constitute only 0.1% of total predicted rock salt resources in Poland. 
Potash salt
The anticipated economic resources (597 mln t) (Szu icki et al. 2011 ) of four potashmagnesium salts deposits of polyhalite type, documented in C 2 category, found in the Puck Bay area (Figs 2-3) , were included in the prognostic resources (Tab. 8) due to a relatively low recognition (low documenting category), the depth of occurrence to 1,000 m, lack of management and the fundamental change of concept of polyhalite mineralization genesis, crucially affected the resource estimation.
In the Polish Lowlands, the concentrations of potash and potash-magnesium salts are associated with the following lithostratigraphic units: Older Potash (K2) and Younger Potash (K3). They were recognized in the salt domes in Inowroc aw, Góra, Mogilno and K odawa. Only in the K odawa dome (Fig. 3) these salts have been documented (e.g. Werner 1962) as the so-called industrial economic resources within the Younger Potash (K3) unit. The prognostic resources of those salts found in the central part of K odawa dome were estimated at 100 mln t (B k & Przenios o 1993) . Their regular exploitation is not realized because of difcult geological conditions (varied thickness and content of useful components).
In the Fore-Sudetic Monocline area (Fig. 3) , the potash-magnesium stratiform occurrences located within the evaporates of cycles PZ2 and PZ3 have been described since the 1960's, but they resources have not been documented yet (Czapowski & Bukowski 2010, with literature) . Their recognition status has not changed essentially since 1993. Consequently, the previous estimations (B k & Przenios o 1993) of the prospective resources (volume of ca. 300 mln tons and the area of ca. 100 km 2 ) were cited (Tab. 8). The total area of predicted Permian potash-magnesium salts resources was estimated at 117.76 km 2 , with the prognostic resources of over 719 mln t and the prospective ones of 300 mln t (Tab. 8). The total predicted resources of those salts in Poland are up to 1.02 bln t, of which 70.6% constitute the prognostic resources of polyhalite type in the Puck Bay area. The remaining quantities constitute mainly the prospective resources of the Zielona Góra--Nowa Sól areas and of the Fore-Sudetic Monocline. The documented but not exploited resources of the K odawa dome are not essential (9.8% of total resources).
CONCLUSIONS
The anticipated economic rock salt resources, documented in 19 deposits, amounted to nearly 20.7 bln t in 2010, but the anticipated subeconomic ones -85.3 bln t. The Miocene salt resources of over 4.36 bln t constitute only 5.1% of the Polish anticipated economic rock salt resources, with the domination of Permian salts (81 bln t), including resources in the domes (65.6% of national resources), while the resources of stratiform deposits were estimated at nearly 25 bln t (29.3% of national resources). The anticipated subeconomic resources became calculated at over 20.6 bln t, with absolute domination of the Permian salts (20.6 bln t; 99.72% of the total national subeconomic resources), concentrated mainly in salt domes (ca. 13 bln t; 62.6% of total resources), while the resources of stratiform deposits constituted only 7.7 bln t (37.4%). The anticipated subeconomic resources of the Miocene rock salt were marginal (58.2 mln t; 0.28% of total resources). The estimated predicted (prognostic and prospective) rock salt resources in Poland are over 2256 bln t, including the Permian salts of over 2254 bln t (96.7% of them belonged to the stratiform deposits, with the remaining proportion of resources located in the salt domes). The predicted resources of Miocene rock salts were estimated at 2.45 bln t. They are of minor importance, as well as the related documented resources (0.1% of the national predicted resources).
The total rock salt resources in Poland were estimated at nearly 2 358.3 bln t at the beginning of the 21st century (Tab. 9), of which the absolute majority (87.4%) constituted the prospective Permian salt resources (Fig. 7) , situated mainly in stratiform deposits. The documented resources represent only 4.3% of the total national rock salt resource base. The documented (anticipated economic and subeconomic) rock salt resources would be adequate for more than 26 000 years of total exploitation, assuming that the annual salt production equalled ca. 3.9 mln tons in the last ve years (2006) (2007) (2008) (2009) (2010) ; with annual changes from 3.2 mln-4.4 mln t). With the similar assumptions, the predicted rock salt resources would be adequate for more than 500 years of production if only 1/10 6 portion of them is received.
The anticipated economic resources of Permian potash-magnesium salts constitute small quantities, represented (after a new estimation -72 mln t) by the deposit in the K odawa salt dome.
The calculated prognostic potash-magnesium salt resources (to the depth of 1000 m) were estimated at 719.44 mln t. They included the salts of sulphate type (polyhalite), occurred in the Puck Bay area (619.44 mln t, together with the resources being previously considered as the anticipated economic ones and equalled 597 mln t), and the resources in K odawa dome (100 mln t). The prospective resources of those salts located on the ForeSudetic Monocline (at the depth interval of 1000-2000 m) were estimated at 300 mln t. The total predicted potash-magnesium salt resources were estimated at nearly 1.02 bln t in Poland but their exploitation is presently not economically pro table.
